Abstract. This is a review on norepinephrine, dopamine and serotonin with regard to their action following spinal cord injuries which reveals the controversies on this subject.
Introduction
THE role of neurochemical factors in the pathophysiology of experimental spinal cord trauma has been widely studied, and recently considerable attention has been focused on the biogenic amines (Dohrmann, I972; Osterholm, 1974) . Much of the available data is inconsistent, with conflicting results being reported both in the basic pathophysiological studies as well as in the treatment studies.
The importance of a potentially reversible pathochemical substrate in spinal cord injury and its possible therapeutic implications are clear. The continued controversy concerning the role of the monoamines, norepinephrine, dopamine and serotonin, in spinal cord trauma has clouded the data and has rendered interpretation most difficult. In this paper, the function of monoamines in neural trauma is reviewed and the data discussed.
Norepinephrine Osterholm and Mathews (1972) initially engendered much interest in the pathophysiology of spinal cord trauma by the demonstration of catecholamine alterations that may be responsible for destructive processes in traumatic para plegia and also be amenable to therapeutic intervention. Using a 500 g-cm contusion, they found significant norepinephrine elevation in the injured cat spinal cord within the first 4 hours after trauma and correlated this with the presence of haemorrhagic necrosis of the central grey matter, the most prominent early pathological finding following spinal cord injury. Osterholm and Mathews (1972) proposed that toxic quantities of norepinephrine are released into the cord tissue after contusion resulting in vasoconstriction, ischemia and tissue necrosis with resultant vascular rupture and haemorrhage. The validity of this hypothesis was substantiated in part by the production of large central haemorrhages 2 hours after intraspinal norepinephrine injection (Osterholm and Mathews, 1972) . In addition, the effects of several anti-norepinephrine agents on the contused feline spinal cord were studied, and all were found to have distinct protective action (Osterholm et al., 1973) . Every agent tested modified and minimised the tissue response to trauma, preventing post-traumatic haemorrhagic necrosis. From these findings, the authors postulated that trauma induces an excessive neuronal meta-bolic response, resulting in release of transmitter substances, particularly norepine-· phrine. These substances are thought to induce toxic vasospasm, hypoxia and subsequent necrosis of the tissue.
The pathogenic effect of norepinephrine on the traumatised spinal cord as described by Osterholm and Mathews (1972) has not been confirmed in the work of others. Several investigators (see Table I ), have failed to find a significant elevation of norepinephrine in spinal cord tissue following trauma in cats, dogs or monkeys (Naftchi et ai., 1974; Hedeman et ai., 1974; Rawe et ai. , 1974; de la Torre et al., 1974; Bingham et al., 1975; Tsubokawa et ai. , 1975; Zivin et ai. , 1976) . De la Torre et al. (1974) did not observe an elevation in norepinephrine levels following a soo g-cm spinal cord contusion. Alpha-methyl tyrosine (AMT), an inhibitor of catecholamine synthesis, did not appear to improve the rate of motor recovery or alter histopathological changes in cats when given IS mins post-trauma (de la Torre et ai. , 1974). Naftchi et ai. (1974 ), Hedemanetai. (1974 and Tsubokawaetal. (197S} also failed to find any significant elevation in norepinephrine concentration following experimental spinal cord injury. Schoultz et al. (1976) found a norepine phrine elevation at the trauma site I hour after a 400 g-cm contusion of the feline spinal cord. No increase in norepinephrine concentration was noted, however, following experimental injury of adrenalectomised cats. The authors hypo thesised that the origin of the elevated spinal cord norepinephrine seen I hour post-trauma was more related to a peripheral adrenal contribution and increased blood levels than to intrinsic cord sources. In a study of catecholamine levels in the spinal cords of monkeys following 300 g-cm trauma, Bingham et ai. (197S) noted a progressive decrease in norepinephrine levels for 4 hours after trauma. Rawe et al. (1974) reported no increase in norepinephrine levels at the site of impact after a soo g-cm contusion. Despite the efficacy of AMT to reduce nore pinephrine to low levels, there was no significant difference in functional neuro logical recovery after trauma between AMT treated animals and controls (Rawe et ai., 1974) . In addition, reserpine, a potent anti-norepinephrine agent, produced no significant post-traumatic improvement (Rawe et al. , 1974) . Alpha-methyl tyrosine was found to increase the rate of motor recovery after experimental spinal cord injury in sheep by Yeo et al. (197S) , although there was no significant (Hedeman et al., 1974) also observed that the use of haloperidol, pre dominantly a dopaminergic blocker, lent a high degree of clinicopathological protection to the injured canine spinal cord, and hypothesised that the trauma related dopamine elevation may induce intramedullary vasoconstriction through an alpha-adrenergic mechanism which is blocked by this agent. The administra tion of AMT 15 mins after injury did not prevent dopamine elevation and afforded no clinical or microscopic protection (Hedeman et al., 1974) . The lack of efficacy of AMT may be explained by the early and rapid post-trauma elevation of dopa mine which would precede the onset of AMT action (Hedeman et al., 1974) . Twenty-four hour pretreatment with AMT, however, suppressed all spinal cord catecholamines, and did prevent trauma-induced dopamine elevation (Hedeman et al., 1974) .
Serotonin
Serotonin, a vasoactive biogenic amine, has been reported increased following central nervous system trauma both experimentally (Osterholm et al., 1969; Tsubokawa et al., 1975; Zivin et al., 1976) and clinically (Misra et al., 1967) (Table  II) Brodner et al. (1976) have noted a significant decrease in the intramedullary serotonin levels 30 mins after injury, and have also reported a significant rise in CSF serotonin I hour after experimental spinal cord trauma. This elevation in CSF serotonin has been correlated with the appearance of vasoconstriction and reduced perfusion in the intramedullary microcirculation of the contused spinal cord (Brodner et al., 1975) . The authors postulated that release of serotonin during platelet aggregation and clot lysis in the subarachnoid space following trauma is responsible for the observed vascular changes. Serotonin may play an important role in the propagation and development of the spinal cord lesion following trauma. All arguments advanced favouring norepinephrine as a mediator of secondary spinal cord injury could apply equally to serotonin. If pretreatment with reserpine retards damage, serotonin depletion may be an important factor. Howitt and Turnbull (1972) did not find methyser gide, a serotonin antagonist, to be effective in lessening the effects of spinal cord injury. Pretreatment with parachlorophenylalanine (PCPA) has been shown by to increase perfusion and improve the microcirculatory dynamics of the traumatised spinal cord. Similarly, Nemecek et al. (197.5) have reported functional improvement in the experimentally contused rabbit spinal cord after pretreatment with PCP A.
The findings to date do not support the hypothesis that the catecholamines, norepinephrine and dopamine, play a direct and major role in the pathophysiology of spinal cord trauma. Similarly, the place that serotonin may have in this process is unclear. Factors contributing to the inconsistencies in biochemical and histo chemical studies of spinal cord injury are the limitations of the models and methods used as well as technical problems with the measurement of biogenic amines. Of concern is the high variability in normal and post-traumatic catecholamine values. Variability is all the more prominent in the traumatised animals because of the lack of standardisation of the spinal cord trauma model using the weight-dropping technique (Dohrmann & Panjabi, 1976) , and the lack of control of the major physiological parameters at the time of injury .
The status and function of monoamines in experimental spinal cord trauma remains a subject of controversy and continued debate. The norepinephrine hypothesis has been severely weakened by its lack of reproducibility. Dopamine results are too variable to draw meaningful conclusions. The role of serotonin� particularly with reference to its vasoactive properties and the physiological importance of its effects, remains to be determined.
RESUME
Le role et la fonction des monoamines dans les traumatismes expenmentaux de la moelle epiniere restent l'objet de controverses et de debats continuels. L'hypothese de la norepinephrine a ete considerablement affaiblie par son manque de reproductibilite. Les resultats de la dopamine sont trop variables pour permettre de tirer des conclusions valables. Le role de la serotonine, en particulier concernant ses proprietes vasoactives et l'importance physiologique de ses effets, reste a determiner. 
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